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The advent of neuronavigation systems has broadened the surgical indications for these challenging lesions. As a result, image-guided resection of insular cavernomas has been reported with increasing frequency. Tirakotai, et al., 13 reported a series of eight cavernous angiomas of the insular lobe that were successfully removed with the aid of neuronavigation. Duffau and Fontaine 7 coupled the use of neuronavigation with intraoperative language mapping in the awake patient to remove a cavernous angioma of the left insula.
In the case reported here we removed a cavernous angioma of the left dominant insula with the aid of a novel form of neuronavigation, which we call MR imagingbased corticotopography. We developed this simple and inexpensive technique in 2002 and have used it with increasing frequency to resect subcortical lesions lying up to 3 cm below the brain surface.
Illustrative Case
History and Examination. This 34-year-old woman with a 1-year history of recurrent headache was admitted to our institute after left insular CM was diagnosed based on results of MR imaging (Fig. 1) . The lesion measured approximately 11 mm, was located at a depth of 21 mm, and was surrounded by a typical hemosiderin-stained rim on T 2 -weighted images. The patient had also undergone a functional MR imaging study, which demonstrated cortical activation for language tasks on the left frontal opercular region. On admission, the patient was neurologically intact. We decided to remove the lesion by using an image-guided procedure that we had recently developed as a navigation tool for subcortical targets.
Operation. The procedure entailed a 3D rendering of MR imaging volumetric sequences acquired before and after intravenous administration of gadolinium contrast (0.4 ml/kg). The following parameters were used: TR 8.9 msec; TE 1.8 msec; flip angle 20˚; number of axial slices 232; slice thickness 1.4 mm; number of averages 2; field of view 260.00 mm; matrix size 256 ϫ 256. The MR imaging data sets, which were acquired using the digital imaging and communication format, were transferred to a laptop personal computer. Using MRICro, a free software program available for use in MR image rendering, 12 the Resection of a left insular cavernoma aided by a simple navigational tool
Abbreviations used in this paper: CM = cavernous malformation; MR = magnetic resonance; 3D = three-dimensional. S MR images were reformatted into a 3D model. The same software allows one to isolate the brain from the overlying structures. The 3D reconstruction of the patient's brain can be grasped and rotated in accordance with the surgeon's needs. The lesion itself can be reconstructed and projected as a region of interest over the cortical surface or over the scalp.
In this case, the CM projected on a sulcus between the triangular and opercular parts of the inferior frontal gyrus (Broca area; Fig. 2 ). The projection of the region of interest was superimposed over the patient's skull and was used to design the craniotomy. After dural opening, a member of the surgical team obtained a digital photograph of the exposed cortex and-in the same surgical suitetransferred it to the laptop computer. Using common photoediting software, the intraoperative picture was cropped, rotated, and visually compared side by side with the 3D reconstruction of the same cortex (Fig. 3) . The cortex overlying the lesion was identified by recognizing its morphological pattern. The angioma was quickly reached by splitting the sulcus between the triangular and opercular parts of the inferior frontal gyrus (Fig. 4) . It was not necessary to dissect the sylvian fissure or to violate eloquent brain cortex.
Postoperative Course. A postoperative MR imaging study confirmed complete removal of the lesion (Fig. 5) . Pathological examination confirmed the diagnosis of cavernous hemangioma. No neurological deficits were observed after surgery.
Discussion
Subcortical cavernomas involving critical brain areas are typical candidates for image-guided surgery. 8, 17 In the case reported here, MR imaging-based corticotopography proved to be a useful and accurate navigation method despite its simple technical requirements (a personal computer and an easily available software program). In addition, the technique has the advantage of being unaffected by brain shift, a phenomenon that must be taken into account when approaching such lesions with traditional navigation equipment. 5, 10 In their surgical series of eight insular cavernous angiomas, Tirakotai and colleagues 13 suggested that the impact of brain shift can be minimized if the patient is placed in the lateral position with the head kept horizontal. In this way, the loss of cerebrospinal fluid would displace the brain only in one direction, making the stereotactic guidance still reliable. Duffau and Fontaine 7 used the same expedient to remove a left insular cavernoma with the aid of frameless neuronavigation.
Alternative techniques such as ultrasonography for localization of brain lesions have been advocated as reliable and relatively cost-effective methods of real-time navigation, to overcome the problem of brain shift. 15, 16 In fact, intraoperative ultrasonography requires dedicated equipment as well, does not provide the spatial resolution of MR imaging, and cannot be used to tailor the craniotomy.
The procedure we used is unaffected by the brain shift because the lesion is identified using anatomical markers, that is, sulci, gyri, and cortical vessels lying on the brain surface itself. These structures are strictly connected to the surgical target and move along with it, regardless of the brain displacement. In addition, the unequivocal, precise correlation between the sulcal anatomy and the surgical target as defined by MR imaging-based corticotopography allowed us to choose the most direct approach to the involved portion of the insula, that is, a frontal transsulcal route, thus avoiding the need for a classic transsylvian approach. Therefore, the lenticulostriate arteries were not manipulated. Also, by using a transsulcal approach, we can reach lesions arising in eloquent cortical areas through the depth of the sulcus, with limited brain retraction and keeping to a minimum the degree of tissue loss.
Conclusions
This case illustrates how, for selected brain lesions, MR imaging-based corticotopography can provide a viable, inexpensive alternative to traditional neuronavigation. These features might encourage its use in subcortical lesions requiring intraoperative image guidance. The main limitation of the technique is the loss of accuracy for lesions deeper than 2.5 to 3 cm. In these cases, the surgical trajectory chosen between the surface marker and the targeted lesion would be subject to an inherent risk of error. 
